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ELECTRIC RESISTANCE WELDED STEEL
PIPE, METHOD FOR MANUFACTURING
THE SAME, AND AUTOMOTIVE
STRUCTURAL MEMBER

TECHNICAL FIELD

This application relates to a technology for electric resis-

tance welded steel pipes having excellent torsional fatigue
resistance and, therefore, being suitable for automotive
stabilizers.

BACKGROUND

In recent years, for the purpose of improving the tuel
economy of automobiles, eflorts have been made to reduce
the weight of the vehicle body. A stabilizer 1s one of the
members that form the vehicle body. While steel bars have
been used 1n the stabilizer 1n the past, a trend 1s developing
toward employing an electric resistance welded steel pipe,
which has excellent productivity, to make a hollow stabi-
lizer.

Since bending 1s performed for automotive parts, such as
the stabilizer, high formability 1s required, and in addition,
since bending and torsional stresses continuously act on the
end product during 1ts use, an excellent fatigue property
(hereinafter, the fatigue property 1s also referred to as
torsional fatigue resistance) 1s also required.

For example, Patent Literature 1 proposes an electric
resistance welded steel pipe 1n which a region called a white
layer 1s specified so that required torsional fatigue resistance
can be satisfied; the region 1s a region of an electric
resistance welded zone and has a low carbon content and,
therefore, a lower post-quenching hardness than a surround-
ing region. Furthermore, Patent Literature 2 proposes an
clectric resistance welded steel pipe having improved tor-
sional fatigue resistance, which 1s achieved by defining and
limiting a weld defect area.

CITATION LIST
Patent Literature

PTL 1: Japanese Patent No. 5942572
PTL 2: Japanese Patent No. 5845623

SUMMARY
Technical Problem

Unfortunately, 1t cannot be said that the steel pipes
proposed 1n Patent Literature 1 and 2 have suflicient tor-
sional fatigue resistance.

To solve the problem, the disclosed embodiments are
directed toward providing a technology for an electric
resistance welded steel pipe having excellent formability
and torsional fatigue resistance.

Solution to Problem

The present inventors conducted research regarding the
torsional fatigue of steel pipes and found that stretch reduc-
tion rolling results in a change 1n an 1nner peripheral shape
near an electric resistance welded seam of a steel pipe, and
this change in shape aflects the torsional fatigue property.

Furthermore, to achieve the object described above, the
present inventors diligently performed studies regarding
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2

various schemes for improving the inner peripheral shape
near the electric resistance welded seam regarding a method
for performing stretch reduction rolling on a steel pipe by
hot rolling. As a result, 1t was found that the mner peripheral
shape near the electric resistance welded seam changes
depending on the positions of the rolling rolls for the stretch
reduction rolling process and of the electric resistance
welded seam of the steel pipe during the process of stretch
reduction rolling. Consequently, it was found that, for the
stretch reduction rolling step, optimizing a feed position of
the steel pipe with respect to the rolling rolls improves the
inner peripheral shape and, therefore, enables realization of
both high formability and an improved fatigue property.

The disclosed embodiments were completed based on the
above-described findings and with additional studies. Spe-
cifically, a summary of the disclosed embodiments 1s as
follows.

[1] An electric resistance welded steel pipe including a
seam region and a base metal region, the seam region having
a range of £10° in a pipe circumierential direction with
respect to an electric resistance welded seam formed 1n a
pipe longitudinal direction, the base metal region being a
region other than the seam region, wherein

the electric resistance welded steel pipe has an r-value 1n
the pipe longitudinal direction of 1.0 or greater,

H (mm) and W (mm) satisfy formula (1) below, where H
(mm) 1s a difference between Ts, MIN) (mm) and Tb ., (mm)
(Ib v TS azmn)s I8 amny (M) 1s a minimum wall thick-
ness value of the seam region, Tb,, ., (mm) 1s an average
wall thickness value of the base metal region, and W (mm)
1s an arc length of a pipe mnner surface of the seam region,
and

IS 4% (mm) and Tb( ive) (mm) satisly fopnula (2) below,
where 1S, ,,y, (mm) 1s a maximum wall thickness value of
the seam region.

H/W=0.10 formula (1)

I8 0paxy/TH 4y0y1.05 formula (2)

[2] The electric resistance welded steel pipe according to
[1], wherein Tb ., (mm) and Db, ., (mm) satisfy formula
(3) below, where Db, . (mm) 1s an average pipe outside
diameter value of the base metal region.

(TD 4y Db (4ye))x100215% formula (3)

[3] The electric resistance welded steel pipe according to
[1] or [2], wherein the r-value 1s an r-value 1n the pipe
longitudinal direction in the base metal region.

[4] A method for manufacturing the electric resistance
welded steel pipe according to any one of [1] to [3], the
method including:

performing a forming operation on a steel strip to form an
open pipe;

performing electric resistance welding on the open pipe to
form a hollow pipe; and

heating the hollow pipe at a heating temperature of 650°
C. or greater and performing stretch reduction rolling on the
hollow pipe at an accumulated stretch reduction ratio of 30%
or greater, wherein

the stretch reduction rolling 1s performed 1n a manner that
ensures that, in a rolling stand with a stretch reduction ratio
of 5.0% or greater, the electric resistance welded seam does
not travel through a region of a roll, the region having a
range of £5.0° with respect to a caliber center of the roll, and
the electric resistance welded seam also does not travel
through regions of the roll, the regions having a range of
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+5.0° with respect to respective positions 360°/(nx2) left
and right of the caliber center, where n 1s the number of rolls
per stand.

[5] An automotive structural member 1n which the electric
resistance welded steel pipe according to any one of [1] to

[3] 15 used.

Advantageous Effects

The disclosed embodiments provide a technology for an
clectric resistance welded steel pipe having excellent form-
ability and torsional fatigue resistance.

Specifically, the disclosed embodiments enable the manu-
facturing of a steel pipe having high formability, that is,
having an r-value of 1.0 or greater and being designed to
prevent galling of a plug, and also having excellent torsional
fatigue resistance compared with that of the related art, and,
therefore, the disclosed embodiments produce a remarkable
industrnial effect. FElectric resistance welded steel pipes
according to the disclosed embodiments are suitable for
automotive structural members such as stabilizers which
requires torsional fatigue resistance after being worked by
bending, and forming of cross-sectional shapes.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a plan view of a cross section of an electric
resistance welded steel pipe.

FIG. 2 1s a plan view of a seam region.

FIG. 3 1s a plan view of the seam region 1n an instance in
which a maximum wall thickness value Ts ,,, 1, of the seam
region has exceeded an average wall thickness value 1b, .,
ol a base metal region.

FIG. 4 1s an external view of a manufacturing line for an
clectric resistance welded steel pipe of an embodiment.

FIG. 5 1s an external view illustrating a position of an
clectric resistance welded seam 1n an 1nstance 1n which the
clectric resistance welded steel pipe 1s fed mnto rolling rolls.

FIG. 6 1s an external view 1llustrating regions of a rolling
roll where contact of the electric resistance welded seam
should be avoided, 1n embodiments.

FIG. 7 1s a plan view of rolling rolls illustrating a phase
angle of a rolling roll.

FIG. 8 1s a diagram 1llustrating a relationship between a
teed position of the electric resistance welded seam with
respect to the rolling rolls and the regions of the rolling rolls
where contact of the electric resistance welded seam should
be avoided, regarding Examples.

DETAILED DESCRIPTION

<Electric Resistance Welded Steel Pipe>

A steel pipe of the disclosed embodiments 1s an electric
resistance welded steel pipe including a seam region and a
base metal region. The seam region has a range of £10° 1n
a pipe circumierential direction with respect to an electric
resistance welded seam formed 1n a pipe longitudinal direc-
tion. The base metal region 1s a region other than the seam
region. The electric resistance welded steel pipe has an
r-value 1n the pipe longitudinal direction of 1.0 or greater. H
(mm) and W (mm) satisty formula (1) below, where H (mm)
1s a difference between 1s.,.,,, (mm) and Tb ,,, (mm)
(b sver=18 az)s 1S (aazayy (Mm) 1s @a minimum wall thickness
value of the seam region, 1b 4., (mm) 1s an average wall
thickness value of the base metal region, and W (mm) 1s an
arc length of a pipe inner surface of the seam region.
IS4y, (mm) and Tb ., (mm) satisfy formula (2) below,
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where TS,/ y, (mm) 1s a maximum wall thickness value of
the seam region. The electric resistance welded steel pipe
has excellent torsional fatigue resistance.

H/W=0.10 formula (1)

I8 0045/ TH 4yey51.05 formula (2)

Now, methods for measuring the dimensions will be
described. FIG. 1 1illustrates a cross-sectional shape of an
clectric resistance welded steel pipe 1, and FIG. 2 1s an
enlarged view of a seam region 3.

The seam region 3 1s a region having a range of +10° 1n
the pipe circumierential direction with respect to an electric
resistance welded seam 2, where a circle center O 1s defined
as a center ol a perpendicular cross section relative to a pipe
axis direction (the longitudinal direction).

The average wall thickness value 1b_,,,, of a base metal
region 6 1s determined as follows. A wall thickness of the
base metal region 6 1s measured with a spherical-flat anvil
type micrometer at positions at 40°, 80°, 120°, 160°, 200°,
240°, 280°, and 320°, with respect to a position of the
electric resistance welded seam, which 1s assumed to be at
0°, and an average ot the values 1s determined as 1b,,,,
(mm).

An average pipe outside diameter value Db, 4, ., (mm) of
the base metal region 6 1s determined as follows. A pipe
outside diameter of the base metal region 6 1s measured with
an outside micrometer at positions at 40°, 80°, 120°, and
160°, with respect to the position of the electric resistance
welded seam 2, which 1s assumed to be at 0°, and an average
of the values 1s determined as Db, , (mm).

The arc length W (mm) of the pipe mnner surface of the
seam region 3 1s defined according to formula (4) below.

W(mm)=(Db 4, after stretch reduction-2x7b,4,,.,)X

20x7/360 formula (4)

Is MIN) (mm) and TS(M 4xy (Inm) are respectivelx deﬁne:d
as a miimum wall thickness value of the seam region 3 (in
FIG. 2, the position indicated by numeral 5 defines the
minimum wall thickness value) and a maximum wall thick-
ness value of the seam region 3 (in FIG. 2, the position
indicated by numeral 4 defines the maximum wall thickness
value).

Note that 1s ., (mm) and Ts ., 4, (mm) are the mini-
mum value and the maximum value, respectively, of wall
thicknesses measured with a point micrometer every 1° over
the zone of the seam region 3.

In the electric resistance welded steel pipe of the disclosed
embodiments, the average wall thickness value 1b ., of the
base metal region 6 1s not particularly limited and preferably
may be 4.0 to 8.0 mm.

Furthermore, in the electric resistance welded steel pipe of
the disclosed embodiments, the average pipe outside diam-
eter value Db, . 1s not particularly limited and preferably
may be 20.0 to 45.0 mm.

r-value: 1.0 or greater

Now, the range of the r-value (Lankiord value) will be
described. In the disclosed embodiments, the r-value may be
an r-value 1n the pipe longitudinal direction 1n the base metal
region 6. When the r-value 1n the pipe longitudinal direction
of the steel pipe 1 1s greater than or equal to 1.0, a
formability necessary for the manufacturing of stabilizers 1s
satisfied. On the other hand, when the r-value of the steel
pipe 1 1s less than 1.0, the steel pipe 1 causes buckling when
subjected to bending, and, consequently, the steel pipe 1
cannot be bent into a predetermined shape. Accordingly, the
r-value in the pipe longitudinal direction of the steel pipe 1
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1s specified to be greater than or equal to 1.0. Preferably, the
r-value 1s greater than or equal to 1.3. While the upper limit
of the r-value 1s not particularly limited, the upper limit 1s
preferably less than or equal to 2.0. This 1s because when the
r-value 1s exclusively high, deformation 1s concentrated in
the circumierential direction of the pipe, and, therefore, in
instances where bending 1s performed on the steel pipe 1, a
cross section of the steel pipe may be reduced 1n diameter,
which may result in necking; consequently, a desired shape
may not be obtained.

The r-value 1s determined as follows. A tensile test 1s
conducted 1 which a 5 to 10% nominal strain 1s applied,
then, a width-direction true strain eW with respect to a
longitudinal-direction true strain el 1s measured, and the
r-value 1s calculated according to an equation of r-value=p/
(-1-p), where p 1s the obtained slope. In this instance, for
the tensile test, a JIS No. 12-A tensile test specimen 1s cut
from the base metal region of the steel pipe, and a strain
gauge with a gauge length of 2 mm 1s bonded to the tensile
test specimen; accordingly, the test 1s conducted.

The r-value can be adjusted by controlling a heating
temperature and an accumulated stretch reduction ratio that
are employed for the stretch reduction rolling.

H/W=0.10 formula (1)

Now, a reason for the limitation imposed on the H/W ratio
of H (mm) to the arc length W (imm) of the pipe inner surface
of the seam region 3 will be described.

H (mm) 1s the difference between the minimum wall
thickness value Ts 5, (mm) of the seam region 3 and the
average wall thickness value 1b,,,, (mm) ot the base metal
region 6 (Ib 4 —Ts4n,). That 1s, H=Tb 4, =TS .

When a steep recess 1s present in the inner peripheral
shape of the electric resistance welded steel pipe 1 as
illustrated 1n FIG. 2 (see numeral 5 1n FIG. 2), the torsional
fatigue resistance becomes significantly low because stress
1s concentrated in the recess. An 1mvestigation revealed that
when H/W, which serves as an indicator of the steepness of
a recess of the seam region 3, 1s less than or equal to 0.10,
the torsional fatigue resistance required 1s satisiied.

When H i1s a negative value, that 1s, when Is. ;5\, 1s
greater than Tb 4 ., the seam region 3 has no recesses
defining a thickness of the seam region 3 that is less than the
thickness of the base metal region 6, and, consequently, the
torsional fatigue resistance does not decrease.

Accordingly, 1n the disclosed embodiments, the ratio
between H(mm) and W (mm) (H/W) 1s specified to be less
than or equal to 0.10, where H(mm) 1s defined by the
difference between the minimum wall thickness value
IS, (mm) of the seam region 3 and the average wall
thickness value Tb ., (mm) of the base metal region 6
(Tb4yey— 18 azay)> and W (mm) 1s the arc length of the seam
region 3.

Preferably, H/W 1s less than or equal to 0.07, and more
preferably, less than or equal to 0.03.

Preferably, H/W 1s greater than or equal to -0.10, and
more preferably, greater than or equal to -0.07.

H/W can be adjusted to be 1n any of the above-mentioned
ranges by, 1 a rolling stand 1n which stretch reduction 1s
performed with a stretch reduction ratio per stand of greater
than or equal to a specific value, feeding a hollow pipe 12
in a manner that ensures that the electric resistance welded
seam 2 avoilds regions of a roll, the regions having a specific
range with respect to a caliber end or a caliber center of the
roll.

I8 0045/ TD 4yeys1.05 formula (2)
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Now, a reason for the limitation imposed on the ratio
between the maximum wall thickness value Ts , 5, (mm) of
the seam region 3 and Tb 4, ., (mm) (I8 5,3,/ Tb4,.,) Will be
described. Regarding the torsional fatigue resistance, the
greater the wall thickness of the seam region relative to the
wall thickness of the base metal region 6, the less likely 1t
1s that a fracture initiated from the seam region 3 occurs.

Now, reference 1s made to FIG. 3. FIG. 3 1s a plan view
of the seam region 3 1n an instance in which the maximum
wall thickness value Ts,,,y, of the seam region 3 has
exceeded the average wall thickness value Tb ., of the base
metal region 6.

When Ts .y, (see numeral 4 in FIG. 3) 1s greater than
I'b 4., as 1llustrated 1n FIG. 3, a problem may occur during
cold drawing that 1s performed after the stretch reduction
rolling. The cold drawing 1s a process 1n which a plug 1s
iserted into the steel pipe, and the steel pipe 1s then drawn
through a die by cold drawing. When a protrusion 1s formed
on an mner periphery of the seam region 3, a problem arises
in that the plug inserted 1s damaged, and another problem
arises 1n that the mner periphery ends up having a portion
with which the plug cannot come 1nto contact.

In this regard, by ensuring that Is,,,/lb ., which
serves as an 1indicator of the increase 1n the wall thickness of
the seam region 3, i1s less than or equal to 1.035, the
occurrence of these problems can be inhibited.

Accordingly, 1n the disclosed embodiments, the ratio
between the maximum wall thickness value Ts , 5, (mm) of
the seam region and Tb, ., (mm) (TS 5.4 1/ 1D 4,.) 18 speci-
fied to be less than or equal to 1.05.

Preferably, I8 441/ Tb 4., 18 less than or equal to 1.04,
and more preferably, less than or equal to 1.03.

Pretferably, Is ;. 4/ Tb 4. 1 greater than or equal to 0.90,
and more preferably, greater than or equal to 0.95.

IS azsxy 1D 400 can be adjusted to be in any of the above-
mentioned ranges by, 1mn a rolling stand in which stretch
reduction 1s performed with a stretch reduction ratio per
stand of greater than or equal to a specific value, feeding the
clectric resistance welded seam 2 to a position such that the
clectric resistance welded seam 2 avoids regions of a roll,
the regions having a specific range with respect to a caliber
end or a caliber center of the roll.

(TD 4y DD (4yey)x100215% formula (3)

Furthermore, 1n the steel pipe of the disclosed embodi-
ments, 1t 1s preterable that (Ib /Db 4,..,)x100 be greater
than or equal to 15%, where (1b,,,. /Db 4. 1s a ratio
between Tb 4, ., (mm) and the average pipe outside diameter
value Db, ., (mm) of the base metal region.

A reason for the limitation imposed on Tb,.,/Db . 1s
as follows.

By reducing 1b /Db 4., @ weight can be reduced,
however, when (Tb,,.,/Db4,.)x100 1s less than 15%, a
rigidity and strength required of a component may not be
satisfied. Accordingly, 1t 1s preferable that the steel pipe, as
a substitute for a steel bar, have dimensions that satisty
(Th 4,6y Db 46)x100215%.

Preferably, (Ib4,./Db4,..,)x100 1s greater than or equal
to 15.5%, and more preferably, greater than or equal to
16.0%.

Preterably, (Ib /Db 4,..,)x100 1s less than or equal to
45%, and more preferably, less than or equal to 40%.

Now, a suitable chemical composition of the steel pipe
used 1n the disclosed embodiments will be described. In the
following description of the chemical composition, “mass
%’ 1s stmply 1ndicated as “%” unless otherwise specified.

C: 0.55% or Less
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C 1s an element that contributes to increasing strength, and
an addition of C mmproves fatigue resistance. However,
when a C content 1s greater than 0.55%, weldability 1s
reduced, and, consequently, a stable electric resistance weld-
ing quality may not be achieved. Accordingly, 1t 1s preferable
that the C content be less than or equal to 0.55%. More
preferably, the C content 1s less than or equal to 0.45%. In

addition, preferably, the C content 1s greater than or equal to
0.2%.

S1: 0.01 to 1.0%

S1 1ncreases the strength of steel by deoxidizing the steel
and by being dissolved in the steel. In terms of producing the
cllect, 1t 1s preferable that a S1 content be greater than or
equal to 0.01%. When the S1 content 1s greater than 1.0%,
the steel pipe may have reduced hardenability. Accordingly,
it 1s preferable that the Si content be 0.01 to 1.0%. More
preferably, the S1 content 1s greater than or equal to 0.1%. In

addition, more preferably, the S1 content 1s less than or equal
to 0.4%.

Mn: 0.2 to 3.0%

Mn has an effect of improving hardenability. The eflect 1s
produced when Mn 1s present in an amount greater than or
equal to 0.2%. However, when a Mn content 1s greater than
3.0%, an electric resistance welding quality may be
degraded. Accordingly, it 1s preferable that the Mn content
be 0.2 to 3.0%. More preferably, the Mn content 1s greater
than or equal to 0.5%. In addition, more pretferably, the Mn
content 1s less than or equal to 2.0%.

P: 0.01% or Less

P segregates at grain boundaries and the like, which
reduces toughness, and, therefore, 1t 1s desirable that P be
reduced as much as possible in the disclosed embodiments;
however, a P content of up to 0.01% 1s permissible. Accord-
ingly, 1t 1s preferable that the P content be less than or equal
to 0.01%. More preferably, the P content 1s less than or equal

to 0.005%.
S: 0.01% or Less

S 15 an element that 1s present as sulfide inclusions in steel
and reduces formability and fatigue resistance, and there-
fore, 1t 1s desirable that S be reduced as much as possible 1n
the disclosed embodiments; however, a S content of up to
0.01% 1s permissible. Accordingly, 1t 1s preferable that the S
content be less than or equal to 0.01%. More preferably, the
S content 1s less than or equal to 0.005%.
Cr: 2.0% or Less

Cr 1s an clement that improves hardenability and 1s,
therefore, eflective for increasing the strength of steel,
thereby improving the fatigue property thereof. However,
when Cr 1s present 1n an amount greater than 2.0%, a Cr
oxide may remain in the electric resistance welded seam,
and, consequently, the electric resistance welding quality
may be degraded. Accordingly, it 1s preferable that a Cr
content be less than or equal to 2.0%. More preferably, the
Cr content 1s less than or equal to 0.5%. In addition,
preferably, the Cr content 1s greater than or equal to 0.001%.
T1: 0.1% or Less

11 has a function of forming TiN 1n steel, thereby fixing
N. However, when a T1 content 1s greater than 0.1%, the
formability and toughness of steel may be reduced. Accord-
ingly, it 1s preferable that the T1 content be less than or equal
to 0.1%. More preferably, the 11 content 1s less than or equal
to 0.04%. In addition, preferably, the Ti content 1s greater
than or equal to 0.01%.
Al: 0.1% or Less

Al 1s an element that 1s eflective for deoxidization and 1s
necessary for inhibiting the growth of austenite grains
during quenching, thereby ensuring a strength resulting from
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quenching. However, when an Al content 1s greater than
0.1%, the eflects no longer increase, and 1n addition, Al-
containing inclusions increase, which may reduce fatigue
strength. Accordingly, 1t 1s preferable that the Al content be
less than or equal to 0.1%. More preferably, the Al content
1s less than or equal to 0.08%. In addition, preferably, the Al
content 1s greater than or equal to 0.01%.
V: 0.5% or Less

V 1s an element that forms fine carbides, thereby contrib-
uting to increasing the strength of steel. However, when a V
content 1s greater than 0.5%, the eflect no longer increases,
and, therefore, an eflect commensurate with the content
cannot be expected, that 1s, an economic disadvantage
arises. Accordingly, 1t 1s preferable that the V content be less
than or equal to 0.5%. More preferably, the V content 1s less
than or equal to 0.3%. In addition, preferably, the V content
1s greater than or equal to 0.01%.
Nb: 0.1% or Less

Nb 1s an element that forms fine carbides, thereby con-
tributing to increasing the strength of steel. However, when
a Nb content 1s greater than 0.1%, the effect no longer
increases, and, therefore, an effect commensurate with the
content cannot be expected, that 1s, an economic disadvan-
tage arises. Accordingly, it 1s preferable that the Nb content
be less than or equal to 0.1%. More preferably, the Nb
content 1s less than or equal to 0.03%. In addition, prefer-
ably, the Nb content 1s greater than or equal to 0.001%.
Mo: 1.0% or Less

Mo 1s an element that improves hardenability, thereby
contributing to increasing the strength of steel. However,
when a Mo content 1s greater than 1.0%, the effect no longer
increases, and, therefore, an effect commensurate with the
content cannot be expected, that 1s, an economic disadvan-
tage arises. Accordingly, 1t 1s preferable that the Mo content
be less than or equal to 1.0%. More preferably, the Mo
content 1s less than or equal to 0.3%. In addition, preferably,
the Mo content 1s greater than or equal to 0.01%.
Cu: 2.0% or Less

Cu 1s an element that increases hardenability and 1s,
therefore, eflective for increasing the strength of steel,
thereby 1mproving the fatigue strength thereof. However,
when Cu 1s present 1n an amount greater than 2.0%, the
formability may be reduced. Accordingly, 1t 1s preferable
that a Cu content be less than or equal to 2.0%. More
preferably, the Cu content 1s less than or equal to 0.5%. In

addition, preferably, the Cu content 1s greater than or equal
to 0.001%.

Ni: 2.0% or Less

N1 1s an element that increases hardenability and 1s,
therefore, eflective for increasing the strength of steel,
thereby improving the fatigue strength thereol. However,
when Ni 1s present 1n an amount greater than 2.0%, the
formability may be reduced. Accordingly, it 1s preferable
that a N1 content be less than or equal to 2.0%. More
preferably, the N1 content 1s less than or equal to 0.5%. In
addition, preferably, the N1 content 1s greater than or equal

to 0.001%.
B: 0.005% or Less

B i1s an element that increases the hardenability of steel
even when B 1s present 1n a small amount. However, when
a B content 1s greater than 0.005%, the eflect no longer
increases, and the fatigue property i1s reduced because B
segregates at grain boundaries, which promotes an inter-
granular fracture. Accordingly, it 1s preferable that the B
content be less than or equal to 0.005%. More preferably, the
B content 1s less than or equal to 0.0050%. In addition,
preferably, the B content 1s greater than or equal to 0.0003%.
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N: 0.01% or Less

N 1s an element inevitably present 1n steel. N combines
with nitride-forming elements 1n steel, thereby contributing
to inhibiting the coarsening of the grains and also increasing,
the strength resulting from tempering. However, when N 1s
present 1n an amount greater than 0.01%, the toughness of
the electric resistance welded seam may be reduced, and the
formability may be degraded. Accordingly, 1t 1s preferable
that a N content be less than or equal to 0.01%. More
preferably, the N content 1s less than or equal to 0.005%.

The balance, other than the components described above,
1s Fe and incidental impurities.
<Method for Manufacturing FElectric Resistance Welded
Steel Pipe>

Now, a method for manufacturing the steel pipe will be
described with reference to FIG. 4. FIG. 4 1s a schematic
illustration of a line for manufacturing the electric resistance
welded steel pipe of the disclosed embodiments.

In the disclosed embodiments, as 1llustrated in FIG. 4(a),
a continuous forming operation 1s first performed on a steel
strip 7 with a continuous forming machine 8 or the like to
form an open pipe 9, and then, electric resistance welding 1s
performed on the open pipe with a welding means 10 to form
the hollow plpe 12. Note that 1n the disclosed embodiments,
the hollow pipe 12 may be obtained by performing electrical
resistance welding on circumierentially abutting portions of
the steel strip 7 by using the welding means 10 while the
abutting portions are pressed against each other by squeeze
rolls 11.

Furthermore, the hollow pipe 12 may be cut to predeter-
mined dimensions by using a cutting machine 13.

After the hollow pipe 12 1s obtained, the hollow pipe (pipe
body) 12 i1s heated at a heating temperature of 650° C. or
greater with a heating means 14, and stretch reduction
rolling 1s then performed on the hollow pipe 12 at an
accumulated stretch reduction ratio of 30% or greater by
using rolling rolls (hereinafter also referred to simply as
rolls) 15, as illustrated 1n FIG. 4(b). For the stretch reduction
rolling performed with the rolling rolls 15, a plurality of
rolling stands 16-1, 16-2 . . . , and 16-N(N 1s a natural
number) may be used to progressively perform the stretch
reduction.

Note that the stretch reduction ratio 1s defined by formula
(5) below.

Stretch reduction ratio (%)=100x(Db 4, betore
stretch reduction-Db, 4, ., after stretch reduc-

tion)/Db 4,0y betore stretch reduction formula (5)

More specifically, the accumulated stretch reduction ratio
can be determined by formula (6) below.

Accumulated stretch reduction ratio (%)=100x
(Db 4y betfore stretch reduction at first stand-
Db 4, after stretch reduction at final stand)y

Db 4, before stretch reduction at first stand formula (6)

By using a heating temperature of 650° C. or greater for
the stretch reduction rolling of the steel pipe and using an
accumulated stretch reduction ratio of 30% or greater for the
stretch reduction rolling, 1t 1s possible to achieve an r-value
of the processed steel pipe of 1.0 or greater; consequently, 1n
bending of the steel pipe, the steel pipe can be bent into a
desired shape.

The heating temperature i1s preferably greater than or
equal to 700° C. and more preferably greater than or equal
to 800° C.

Furthermore, the heating temperature i1s preferably less
than or equal to 1050° C. and more preferably less than or

equal to 1000° C.

5

10

15

20

25

30

35

40

45

50

55

60

65

10

The accumulated stretch reduction ratio 1s preferably
greater than or equal to 35% and more preferably greater
than or equal to 40%.

Furthermore, the accumulated stretch reduction ratio 1s
preferably less than or equal to 90% and more preferably
less than or equal to 85%.

In the disclosed embodiments, the stretch reduction roll-
ing 1s performed 1n a manner that ensures that, in a rolling
stand with a stretch reduction ratio of 5.0% or greater, the
clectric resistance welded seam 2 does not travel through a
region ol a roll, the region having a range of +5.0° with
respect to a caliber center of the roll, and the electric
resistance welded seam 2 also does not travel through
regions of the roll, the regions having a range of +5.0° with
respect to respective posmons 360°/(nx2) lett and right of
the caliber center, where n 1s the number of rolls per stand.
As referred to herein, the stretch reduction ratio at an Nth
rolling stand 1s determined by formula (7) below.

Stretch reduction ratio (%)=100x(Db 4, betore
stretch reduction at Ne#z stand-Db 4, after
stretch reduction at Niz stand)/Db 4, betore
stretch reduction at Ntk stand

formula (7)

Now, a reason for the limitation imposed on a feed
position of the electric resistance welded seam 2 in the
rolling stand will be described. As referred to herein, the
feed position of the electric resistance welded seam 2 1s a
circumierential position 1n an instance 1 which the steel
pipe 1s fed mnto stretch reduction rolling rolls; the feed
position 1s a position defined assuming that, as viewed from
a direction 1n which the steel pipe 1s advanced, the steel pipe
1s rotated 1n a counterclockwise direction about a center of
the steel pipe with respect to a ceiling direction. In this
instance, the ceiling direction 1s assumed to correspond to
0°. Furthermore, the “respective positions 360°/(nx2) leit
and right of the caliber center” can also be expressed as
“respective positions+360°/(nx2) away from the caliber
center’”.

FIG. 5 1s a view 1llustrating the feed position of the
clectric resistance welded steel pipe. Furthermore, FIG. 6 1s
an external view 1llustrating positions of a rolling roll 15
where contact of the electric resistance welded seam 2
should be avoided, in the disclosed embodiments. The
present inventors directed their attention to the fact that 1n an
instance where stretch reduction rolling 1s performed on a
steel pipe by using the rolls 15, a wall thickness correspond-
ing to a region near a caliber end of the rolls 15 used for
rolling 1s increased, and a wall thickness corresponding to a
caliber center 17 thereof 1s reduced, 1n a cross section of the
steel pipe.

The roll 15 1s a roll for performing stretch reduction
rolling on a steel pipe and has a caliber formed 1n a
circumierential direction of the roll. A plurality of the rolls
15 holds the steel pipe (hollow pipe 12) on the calibers while
the rolls 15 rotate. As viewed 1n a perpendicular cross
section of the steel pipe relative to an axial direction
(longitudinal direction) thereof (pipe-axis-direction perpen-
dicular cross section), the caliber has a curved shape con-
forming to an outer periphery of the steel pipe in the
pipe-axis-direction perpendicular cross section. A caliber
center 17 located at a position of an arc where a caliber
diameter 18 has a minimum value 1s a caliber bottom; the
caliber diameter 18 1s defined as having a center in an axis
of rotation of the roll.

The present mventors specified various positions in the
circumierential direction for the electric resistance welded
seam 2 and fed the hollow pipe 12 into the stretch reduction
rolling rolls 15 (16-1), as illustrated 1n FIG. 5. As a result,
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it was found that a good inner peripheral shape, with a low
degree of deformation, can be maintained in instances in
which the hollow pipe 12 was fed, as illustrated 1n FIG. 6,
in a manner that ensures that, 1n a rolling stand for stretch
reduction rolling with a stretch reduction ratio per stand of
5.0% or greater, the eclectric resistance welded seam 2
avoided a region of a roll 15, the region having a range of
+5.0° with respect to the caliber center 17, and the electric
resistance welded seam 2 also avoided regions of the roll 15,
the regions having a range of +£5.0° with respect to respec-
tive positions 360°/(nx2) left and right of the caliber center
17, where n 1s the number of rolls per stand.

As used herein, the expression “+5.0° with respect to the
caliber center 177 means a range of £5.0° 1n a sector shape
in which the caliber center 17 1s assumed to be at O degrees.
The sector shape 1s defined by assuming that an outer
peripheral portion of the caliber as viewed 1n a pipe-axis-
direction perpendicular cross section of the roll 15 has the
sector shape, which conforms to a cross-sectional circle of
the steel pipe and 1s a sector shape with a circular center
thereol being a center of the cross-sectional circle of the
steel pipe. Furthermore, the expression “+5.0° with respect
to respective positions 360°/(nx2) away from the caliber
center 17, where n 1s the number of rolls per stand™ has the
following meanings, for example: 1 an instance 1 which
rolling 1s performed with 4 rolls, the expression means
ranges of £5.0° 1n a circumierential direction with respect to
respective positions 45° (=360°/(4x2)) left and right of the
caliber center 17, and 1n an instance 1 which rolling 1s
performed with 3 rolls, the expression means ranges of £5.0°
in the circumierential direction with respect to respective
positions 60° (=360°/(3x2)) left and right of the caliber
center 17. In the disclosed embodiments, regarding rolls 135
adjacent to each other 1n the pipe circumierential direction,
the region having a range of £5.0° of the left-side roll 15,
with respect to the position 360°/(nx2) away from the
caliber center 17, the position being on the right-end side,
may overlap the region having a range of £5.0° of the
right-side roll 15, with respect to the position 360°/(nx2)
away from the caliber center 17, the position being on the
left-end side. This may be possible 1n terms of workability.

As described, to obtain an electric resistance welded steel
pipe having excellent formabaility and torsional fatigue resis-
tance, the stretch reduction rolling 1s performed 1n a manner
that ensures that, in a rolling stand with a stretch reduction
ratio of 5.0% or greater, the electric resistance welded seam
does not travel through a region of a roll, the region having
a range of £5.0° with respect to the caliber center of the roll,
and the electric resistance welded seam also does not travel
through regions of the roll, the regions having a range of
+5.0° with respect to respective positions 360°/(nx2) left
and right of the caliber center, where n 1s the number of rolls
per stand.

Furthermore, there are methods for limiting circumieren-
t1al displacement of the electric resistance welded seam 2 of
the pipe during the stretch reduction rolling, thereby feeding
the pipe to a target feed position more reliably. Examples of
the methods include, but are not limited to, a method 1n
which a roll-type guide 1s installed between adjacent rolling
stands 16 and 1s used to limit circumierential displacement
of the pipe during 1ts passage between the stands 16; a
method 1n which a tensile stress 1s applied from a rear side
during the stretch reduction rolling; and a method 1n which
the electric resistance welding and the stretch reduction
rolling are continuously performed.

The obtained steel pipe 1 may be subjected to an induction
hardening process and a tempering process. The induction
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hardening process may be a process 1n which the steel pipe
1 1s heated under the conditions of a heating temperature of

850 to 1030° C. and a holding time of 1 to 1800 s and 1s

subsequently water-quenched. The tempering process may
be a process 1n which the steel pipe 1 1s held at 150 to 450°
C. for 5 to 60 minutes and 1s subsequently air-cooled.

The electric resistance welded steel pipe 1 of the disclosed
embodiments, described above, can be used in automotive
structural members, such as automotive stabilizers.

EXAMPLES

Now, the disclosed embodiments will be further described
based on Examples.

Open pipes were formed by performing a continuous
forming operation on steel strips of two steel grades, A and
B, as shown 1n Table 1. Subsequently, electric resistance
welding was performed on the open pipes to form hollow
pipes. The hollow pipes were subjected to stretch reduction
rolling, which was performed at various accumulated stretch
reduction ratios, heating temperatures, and feed positions for
a rolling stand for stretch reduction rolling. Accordingly,
steel pipes Nos. A-1 to A-19 and B-1 to B-19 were obtained.
Steel pipes Nos. A-1 to A-19 were manufactured from the
steel strip of steel grade A, and steel pipes Nos. B-1 to B-19
were manufactured from the steel strip of steel grade B.

Table 2 shows the stretch reduction schedule. Further-
more, FIG. 7 1s a plan view of rolling rolls illustrating a
phase angle of a rolling roll shown 1n Table 2.

The phase angle shown 1n Table 2 1s an angle)(°) repre-
senting a position of the caliber center (caliber bottom) of a
rolling roll 15 of each of the stands 16 1n a circumierential
direction with respect to a ceiling. As illustrated in FIG. 7,
for patterns A to D, which are 4-roll patterns, the rolling roll
15 1s one located 1n a 0 to 90° counterclockwise region with
respect to the ceiling, with a center of the steel pipe being
assumed to be the axis.

Furthermore, for pattern E, which 1s a 3-roll pattern, the
phase angle shown 1n Table 2 1s an angle)(°) representing a
position of the caliber bottom of a rolling roll 15 of each of
the stands 16 1n the circumierential direction with respect to
the ceiling, and the rolling roll 15 1s one located 1 a O to
120° counterclockwise region with respect to the ceiling.

Table 3 and Table 4 show the stretch reduction conditions,
including the stretch reduction patterns, used for the manu-
facturing of steel pipes Nos. A-1 to A-19 and B-1 to B-19.

The feed position of each of the steel pipes for the rolling
rolls, shown 1n Table 3 and Table 4, i1s also shown 1n FIG.
8 for each of the stretch reduction patterns. Each of the
angles was a counterclockwise angle determined with
respect to the ceiling and a rolling direction (see FI1G. 7, too).

Specifically, regarding the stretch reduction patterns A
and B (n=4 for both), the instances in which the condition of
the manufacturing conditions of the disclosed embodiments,
which 1s to ensure that the electric resistance welded seam
does not travel through a region of a roll, the region having
a range ol £5.0° with respect to the caliber center of the roll,
and the electric resistance welded seam also does not travel
through regions of the roll, the regions having a range of
+5.0° with respect to respective positions 360°/(nx2) left
and right of the caliber center, where n 1s the number of rolls
per stand, (the condition i1s hereinaiter referred to as a
“condition P””), was satisfied are as follows: for respective
ones of the stands Nos. 5 to 10, which had a stretch reduction
ratio of 5.0% or greater, instances 1n which the feed position
of the seam (electric resistance welded seam) was not
located within regions having a range of +5.0° with respect
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to respective phase angles of 11.25°, 56.25°, 78.75°, 33.775°,
0°, and 45°, and 1n addition, the feed position of the seam
(clectric resistance welded seam) was not located within
regions having a range of £5.0° with respect to respective
phase angles of the foregoing angles £45° (=360°/(4x2)),
namely, —33.75° (regarded as 56.25° (90° added t0)-33.75°
for evaluation), 56.25°, 11.25°, 101.25° (regarded as 11.25°
(90° subtracted from 101.25°) for evaluation), 33.75°,
123.75° (regarded as 33.75° (90° subtracted from 123.75°)
for evaluation), —11.25° (regarded as 78.75° (90° added to
—11.25°) for evaluation), 78.75°, —-45° (regarded as 45° (90°
added t0)—-45° for evaluation), 45°, 0°, and 90° (regarded as
0° (90° subtracted from 90°) for evaluation).

Regarding the steel pipes that employed the stretch reduc-
tion pattern A or B, the feed position of steel pipes Nos. A-1
and B-1 was 18°; since 18° was outside of the above-
mentioned ranges, steel pipes Nos. A-1 and B-1 satisfied the
condition P.

The feed position of steel pipes Nos. A-2 and B-2 was
113°. Since 23°, which was obtained by subtracting 90°
from 113°, was outside of the above-mentioned ranges, steel
pipes Nos. A-2 and B-2 satisfied the condition P.

The feed position of steel pipes Nos. A-3 and B-3 was
205°. Since 25°, which was obtained by subtracting 90°x2
from 2035°, was outside of the above-mentioned ranges, steel
pipes Nos. A-3 and B-3 satisfied the condition P.

The feed position of steel pipes Nos. A-4 and B-4 was
337°. Since 67°, which was obtained by subtracting 90°x3
from 337°, was outside of the above-mentioned ranges, steel
pipes Nos. A-4 and B-4 satisfied the condition P.

The feed position of steel pipes Nos. A-5 and B-3 was 70°.
Since 70° was outside of the above-mentioned ranges, steel
pipes Nos. A-5 and B-5 satisfied the condition P.

The feed position of steel pipes Nos. A-6 and B-6 was
108°. Since 18°, which was obtaimned by subtracting 90°
from 108°, was outside of the above-mentioned ranges, steel
pipes Nos. A-6 and B-6 satisfied the condition P.

The feed position of steel pipes Nos. A-10 and B-10 was
113°. Since 23°, which was obtained by subtracting 90°
from 113°, was outside of the above-mentioned ranges, steel
pipes Nos. A-10 and B-10 satisfied the condition P.

The feed position of steel pipes Nos. A-9 and B-9 was 35°.
Since 35° was within the above-mentioned ranges, steel
pipes Nos. A-9 and B-9 did not satisty the condition P (see
“REGION TO BE AVOIDED” 1n FIG. 8).

The feed position of steel pipes Nos. A-11 and B-11 was
12°. Since 12° was within the above-mentioned ranges, steel
pipes Nos. A-11 and B-11 did not satisty the condition P.

The feed position of steel pipes Nos. A-13 and B-13 was
255°. Since 75°, which was obtained by subtracting 90°x2
from 255°, was within the above-mentioned ranges, steel
pipes Nos. A-13 and B-13 did not satisty the condition P.

The feed position of steel pipes Nos. A-14 and B-14 was
35°. Since 35° was within the above-mentioned ranges, steel
pipes Nos. A-14 and B-14 did not satisty the condition P.

The feed position of steel pipes Nos. A-15 and B-15 was
46°. Since 46° was within the above-mentioned ranges, steel
pipes Nos. A-15 and B-15 did not satisty the condition P.

Regarding the stretch reduction patterns C and D (n=4 for
both), the 1nstances 1n which the condition P of the manu-
facturing conditions of the disclosed embodiments were
satisfied are as follows: for respective ones of the stands
Nos. 5 to 8, which had a stretch reduction ratio of 5.0% or
greater, mnstances 1 which the feed position of the seam
(electric resistance welded seam) was not located within
regions having a range of £5.0° with respect to respective
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addition, the feed position of the seam (electric resistance
welded seam) was not located within regions having a range
of £35.0° with respect to respective phase angles of the
foregoing angles +45° (=360°/(4x2)), namely, —33.75° (re-
garded as 56.25° (90° added to)-33.75° for evaluation),
56.25°, 11.25°, 101.25° (regarded as 11.25° (90° subtracted
from 101.25°) for evaluation), 33.75°, 123.75° (regarded as
33.75° (90° subtracted from 123.75°) for evaluation),
—-11.25° (regarded as 78.75° (90° added to)-11.25° for

evaluation), and 78.75°.

Regarding the steel pipes that employed the stretch reduc-
tion pattern C or D, the feed position of steel pipes Nos. A-7
and B-7 was 180°; since 0°, which was obtained by sub-
tracting 90°x2 from 180°, was outside of the above-men-
tioned ranges, steel pipes Nos. A-7 and B-7 satisfied the
condition P.

The feed position of steel pipes Nos. A-8 and B-8 was
226°. Since 46°, which was obtained by subtracting 90°x2
from 226°, was outside of the above-mentioned ranges, steel
pipes Nos. A-8 and B-8 satisfied the condition P.

The feed position of steel pipes Nos. A-12 and B-12 was
226°. Since 46°, which was obtained by subtracting 90°x2
from 226°, was outside of the above-mentioned ranges, steel
pipes Nos. A-12 and B-12 satisfied the condition P.

The feed position of steel pipes Nos. A-16 and B-16 was
79°. Since 79° was within the above-mentioned ranges, steel
pipes Nos. A-16 and B-16 did not satisty the condition P.

Regarding the stretch reduction pattern E (n=3), the
instances 1n which the condition P of the manufacturing
conditions of the disclosed embodiments were satisfied are
as follows: for respective ones of the stands Nos. 5 to 10,
which had a stretch reduction ratio of 5.0% or greater,
instances 1 which the feed position of the seam (electric
resistance welded seam) was not located within regions
having a range of +5.0° with respect to respective phase
angles of 15°, 75°, 105°, 45°, 0°, and 60°, and 1n addition,
the feed position of the seam (electric resistance welded
seam) was not located within regions of respective phase
angles of the foregoing angles +60° (=360°/(3x2)), namely,
—-45° (regarded as 75° (120° added to)-45° for evaluation),
75°,45°, 165° (regarded as 45° (120° subtracted from 165°)
for evaluation), 0°, and 120° (regarded as 0° (120° sub-
tracted from 120°) for evaluation).

The feed position of steel pipes Nos. A-17 and B-17 was
23°. Since 23° was outside of the above-mentioned ranges,
steel pipes Nos. A-17 and B-17 satisfied the condition P.

The feed position of steel pipes Nos. A-18 and B-18 was
165°. Since 45°, which was obtained by subtracting 120°
from 165°, was within the above-mentioned ranges, steel
pipes Nos. A-18 and B-18 did not satisty the condition P.

The feed position of steel pipes Nos. A-19 and B-19 was
342°. Since 102°, which was obtained by subtracting 120°x2
from 342°, was within the above-mentioned ranges, steel
pipes Nos. A-19 and B-19 did not satisty the condition P.

Furthermore, Table 3 and Table 4 show target outside
diameters and target sheet thicknesses for the end products,
together with actual outside diameters resulting from the
stretch reduction. Furthermore, from a cross section of each
of the steel pipes, TS 514 v, TS aznys Tbavey, and Db, ., were
measured, and W and H were calculated.

Subsequently, these electric resistance welded steel pipes
were subjected to an induction hardening process and a
tempering process. Note that the induction hardening pro-
cess was a process 1n which the steel pipes were heated
under the conditions of a heating temperature of 950° C. and
a holding time of 1 s and were subsequently water-

(ave
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quenched. In the tempering process, the steel pipes were
held at 190° C. for 1 hour and subsequently air-cooled.

After the stretch reduction rolling and the heat treatments
were performed, a tensile test was conducted to determine a
tensile strength TS and the r-value. For the tensile test, a JIS
No. 12-A tensile test specimen was cut from the base metal
region ol the steel pipe, and a strain gauge with a gauge
length of 2 mm was bonded to the tensile test specimen;
accordingly, the test was conducted. The tensile strength TS
was determined from the result of the tensile test. Further-
more, the r-value was determined as follows. A tension
application was performed 1 which a 5 to 10% nominal
strain was applied, then, a width-direction true strain eW
with respect to a longitudinal-direction true strain el was
measured, and the r-value was calculated according to the
equation of r-value=p/(-1-p), where p 1s the obtained slope.

Furthermore, a torsional fatigue test specimen having a
pipe shape (length: 450 mm) was cut from the obtained
stretch-reduction-rolled steel pipe, and a torsional fatigue
test was conducted. The torsional fatigue test was conducted
under conditions including an applied stress (outer surtace)
of 600 MPa, a stress ratio of -1 (alternating), a frequency of
2 Hz, and a waveform of a sine wave. The number of cycles
until failure was measured to evaluate the fatigue resistance.
In the disclosed embodiments, the determination that the
torsional fatigue property was improved was made in
instances 1 which the number of cycles until faillure was
greater than or equal to 2.0 times that of a comparative
example that had the same stretch reduction schedule, the
same end product dimensions (the same combination of the
target wall thickness and the target outside diameter), and
the same steel grade.

For the evaluation of plug galling, the electric resistance
welded steel pipe, which was used as a hollow pipe, was
drawn by cold drawing. Specifically, a plug was 1nserted into
the steel pipe, and the steel pipe was drawn through a die. In
such an instance, when the mner periphery of the electric
resistance welded steel pipe protrudes and causes a scratch
called plug galling to be formed 1n the plug, the scratch can
cause a defect 1 the processing of other steel pipes.

The evaluation was performed as follows. After the draw-
ing was performed by cold drawing, visual examination was
performed to see whether the surface of the plug had a
defect, and, accordingly, the determination as to the presence
or absence of a defect was made. Steel pipes without defects
were determined to have excellent formability.

The results obtained are shown 1n Table 3 and Table 4. As
previously mentioned, Table 3 shows the results of steels
Nos. A, and Table 4 shows the results of steels Nos. B.

Table 3 and Table 4 demonstrate that in all of the
Examples, H/'W was less than or equal to 0.10, Ts .,/
Tb 4,0, Was less than or equal to 1.05, and the r-value was
greater than or equal to 1.0. Furthermore, the steel pipes of
the Examples did not cause defects on the surface of the plug
and, therefore, had excellent formability, and the steel pipes
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also exhibited an improved torsional fatigue property coms-
pared with the electric resistance welded steel pipes of the
related art 1n the high-load test.

On the other hand, for steel pipes Nos. A-9 and B-9, which

are comparative examples, the feed position of the seam
(electric resistance welded seam) did not satisty the condi-
tion P, and as a result, H/'W was outside the range of the
disclosed embodiments; consequently, the desired torsional
fatigue resistance was not achieved.

Furthermore, for steel pipes Nos. A-10 and B-10, the
heating temperature for the stretch reduction rolling was less
than 650° C., and as a result, the r-value was less than 1.0;
consequently, the desired formability was not achieved.

Furthermore, for steel pipes Nos. A-11 and B-11, the feed
position of the seam (electric resistance welded seam) did
not satisty the condition P, and as a result, Ts 5/ 1D 4,
was outside the range of the disclosed embodiments; con-
sequently, a defect occurred on the plug during the cold
drawing.

Furthermore, for steel pipes Nos. A-12 and B-12, the
accumulated stretch reduction ratio was less than 30%, and
as a result, the r-value was less than 1.0; consequently, the
desired formability was not achieved.

Furthermore, for steel pipes Nos. A-13 and B-13, the feed
position of the seam (electric resistance welded seam) did
not satisly the condition P, and as a result, H/'W was outside
the range of the disclosed embodiments; consequently, the
desired torsional fatigue resistance was not achieved.

Furthermore, for steel pipes Nos. A-14 and B-14, the feed
position of the seam (electric resistance welded seam) did
not satisty the condition P, and as a result, H/'W and
IS araxy/ 104y Were outside the ranges of the disclosed
embodiments; consequently, the desired torsional fatigue
resistance was not achieved, and a defect occurred on the
plug during the cold drawing.

Furthermore, for steel pipes Nos. A-15 and B-13, the feed
position of the seam (electric resistance welded seam) did
not satisly the condition P, and as a result, H/'W was outside
the range of the disclosed embodiments; consequently, the
desired torsional fatigue resistance was not achieved.

Furthermore, for steel pipes Nos. A-16 and B-16, the feed
position of the seam (electric resistance welded seam) did
not satisiy the condition P, and as a result, H/'W was outside
the range of the disclosed embodiments; consequently, the
desired torsional fatigue resistance was not achieved.

Furthermore, for steel pipes Nos. A-18 and B-18, the feed
position of the seam (electric resistance welded seam) did
not satisty the condition P, and as a result, H/W was outside
the range of the disclosed embodiments; consequently, the
desired torsional fatigue resistance was not achieved.

Furthermore, for steel pipes Nos. A-19 and B-19, the feed
position of the seam (electric resistance welded seam) did
not satisty the condition P, and as a result, Ts 5/ 1D 4,
was outside the range of the disclosed embodiments; con-
sequently, a defect occurred on the plug during the cold
drawing.

TABLE 1
Steel Chemical composition (mass %)
No. C S1 Mn P S Cr Ti Al \% Nb Mo Cu Ni B N
A 0.35 0.22 1.25 0.001 0.003 0.152 0.035 0.035 0.003 0.001 0.21 0.313 0.317 0.0021 0.002
B 0.23 0.21 0.60 0.001 0.003 0.332 0.016 0.023 0.052 0.015 0.05 0.226 0.292 0.0026 0.003

The balance, other than the above components, 1s Fe and incidental mmpurities.
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TABLE 2
A (4-roll) B (4-roll) C (4-roll) D (4-roll) E (3-roll)
Stretch Stretch Stretch Stretch Stretch
Stretch  reduction Phase reduction Phase reduction Phase reduction Phase reduction Phase
reduction ratio angle ratio angle ratio angle rat1o angle ratio angle
schedule (o) (%) (7o) () (7o) (%) (7o) (°) (7o) (°)
Stand 1 2.0 0 2.0 0 1.0 0 1.0 0 2.0 0
No. 2 2.0 45 2.0 45 2.0 45 2.0 45 2.0 60
3 3.0 22.5 4.0 22.5 3.0 22.5 3.0 22.5 3.0 30
4 4.0 67.5 4.0 67.5 4.0 67.5 3.0 67.5 4.0 90
5 5.0 11.25 6.0 11.25 5.0 11.25 5.0 11.25 5.0 15
6 7.0 56.25 7.0 56.25 5.0 56.25 5.0 56.25 7.0 75
7 7.0 78.75 10.0 78.75 5.0 78.75 5.0 78.75 7.0 105
8 5.0 33.75 10.0 33.75 5.0 33.75 5.0 33.75 7.0 45
9 5.0 0 7.0 0 4.0 0 3.0 0 7.0 0
10 5.0 45 6.0 45 2.0 45 1.0 45 5.0 60
11 4.0 22.5 4.0 22.5 1.0 22.5 0.5 22.5 4.0 30
12 3.0 67.5 3.0 67.5 0.5 67.5 0.5 67.5 3.0 90
13 2.0 11.25 2.0 11.25 2.0 15
14 2.0 56.25 2.0 56.25 2.0 75
15 1.0 78.75 1.0 78.75 1.0 105
16 0.5 33.75 0.5 33.75 0.5 45
TABLE 3
Outside Outside Stretch reduction
diameter diameter  Accumulated pattern Seam Base
before after stretch Tb(Ave)/ Target Target  position metal
Steel stretch stretch reduction Db(Ave) x Heating Stretch outside wall Feed region  Seam region
Pipe reduction  reduction ratio 100 temperature reduction diameter thickness position Tb(ave) W  Ts(min)
No. (mm) (mm) (%) (%) (° C.) schedule (mm) (mm) (%) (mm) (mm) (mm)
A-1 50.0 27.83 443 16.3 680 A 27.8 4.50 18 4.53 3.3 4.61
A-2 50.0 27.76 44.5 16.2 750 A 277.8 4.50 113 4.50 3.3 4.35
A-3 50.0 27.77 44.5 21.6 950 A 27.8 6.00 205 6.01 2.7 5.81
A-4 50.0 27.92 44.2 21.8 830 A 277.8 6.00 337 6.08 2.8 6.31
A-5 50.0 27.68 44.6 277.2 680 A 277.8 7.50 70 7.52 2.2 7.56
A-6 50.0 24.12 51.8 18.7 880 B 24.1 4.50 108 4.51 2.6 4.5
A-T7 65.0 44.36 31.8 16.8 720 C 44.3 7.50 180 7.45 5.1 7.32
A-8 65.0 44.15 32.1 17.1 850 C 44.3 7.50 226 7.56 5.1 7.85
A-9 50.0 27.52 45.0 16.4 950 A 277.8 4.50 35 4.52 3.2 4.08
A-10 50.0 27.46 42.7 16.4 550 A 27.8 4.50 113 4.51 3.2 4.48
A-11 50.0 27.50 45.0 19.9 200 A 277.8 4.50 12 5.48 2.9 5.68
A-12 65.0 45.95 29.3 16.4 830 D 45.9 4.50 226 7.53 54 7.15
A-13 50.0 27.42 45.2 21.8 920 A 277.8 6.00 255 5.98 2.7 5.28
A-14 50.0 27.68 44.6 27.2 680 A 27.8 7.50 35 7.52 2.2 7.22
A-15 50.0 24.28 514 18.5 790 B 24.1 4.50 46 4.50 2.7 3.95
A-16 65.0 44.28 31.9 17.0 850 C 44.3 7.50 79 7.52 5.1 6.74
A-17 50.0 26.61 46.8 17.5 750 E 26.6 4.50 23 4.66 3.0 4.61
A-18 50.0 26.58 46.8 16.6 950 E 26.6 4.50 165 4.42 3.1 3.98
A-19 50.0 26.84 46.3 17.1 800 E 26.6 4.50 342 4.58 3.1 4.55
Torsional fatigue test
Tensile Torsional Comparative
Steel  Seam region strength fatigue example of
Pipe Ts(MAX) H Ts(Max)/ TS cycles same Improvement Plug
No. (mm) (mm) H/W  Tb(Ave) (MPa) rvalue (x10°6) dimensions ratio galling Notes
A-1 4.72 -0.08 -0.02 1.04 1844 1.2 1.5 A-9 2.1 No Example
A-2 4.37 0.15 0.05 0.97 1858 1.2 1.5 A-9 2.0 No Example
A-3 5.94 0.20 0.07 0.99 1881 1.7 1.3 A-13 2.2 No Example
A-4 6.32 -0.23 -0.08 1.04 1916 1.6 1.9 A-13 3.3 No Example
A-3 7.66 -0.04 -0.02 1.02 1865 1.3 1.9 A-14 2.8 No Example
A-6 4.60 0.01 0.00 1.02 1872 1.5 1.4 A-15 2.0 No Example
A-T 7.52 0.13 0.03 1.01 1870 1.1 1.7 A-16 2.2 No Example
A-8 7.86 -0.29 -0.06 1.04 1868 1.5 1.6 A-16 2.1 No Example
A-9 4.61 0.4 0.14 1.02 1910 1.6 0.7 - - No Comparative
Example
A-10 4.56 0.03 0.01 1.01 1914 0.9 1.3 — — No Comparative
Example
A-11 6.14 -0.20 -0.07 1.12 1854 1.5 1.9 — — Yes Comparative

Example
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TABLE 3-continued
A-12 7.76 0.38 0.07 1.03 1870 0.9 1.8 — — No Comparative
Example
A-13 5.68 0.70 0.26 0.95 1883 1.6 0.6 — — No Comparative
Example
A-14 8.05 0.30 0.14 1.07 1911 1.3 0.7 — — Yes Comparative
Example
A-15 4.19 0.55 0.21 0.93 1919 1.5 0.7 — — No Comparative
Example
A-16 7.37 0.78 0.15 0.98 1897 1.4 0.8 — — No Comparative
Example
A-17 4.89 0.05 0.02 1.05 1901 1.4 1.5 A-18 2.0 No Example
A-18 4.15 0.44 0.14 0.94 1908 1.7 0.7 — — No Comparative
Example
A-19 5.22 0.03 0.01 1.14 1894 1.6 1.4 — — Yes Comparative
Example
TABLE 4
Outside Outside Stretch reduction
diameter diameter  Accumulated pattern Seam Base
before after stretch Tbh(Ave)/ Target Target  position metal
Steel stretch stretch reduction Db(Ave) x Heating Stretch outside wall Feed  region  Seam region
Pipe reduction  reduction ratio 100 temperature reduction diameter thickness position Tb{ave) W  Ts(min)
No. (mm) (mm) (%) (%0) (° C.) schedule (mm) (mm) (%) (mm) (mm) (mm)
B-1 50.0 27.83 443 16.3 680 A 277.8 4.50 18 4.51 3.3 4.58
B-2 50.0 27.76 44.5 16.2 750 A 277.8 4.50 113 4.49 3.3 4.38
B-3 50.0 27.77 44.5 21.6 950 A 277.8 6.00 205 5.96 2.8 5.77
B-4 50.0 27.92 44.2 21.8 830 A 277.8 6.00 337 6.04 2.7 6.15
B-5 50.0 27.68 44.6 277.2 680 A 27.8 7.50 70 7.49 2.2 7.44
B-6 50.0 24.12 51.8 18.7 80 B 24.1 4.50 108 4.52 2.7 4.45
B-7 65.0 44.36 31.8 16.8 720 C 44.3 7.50 180 7.54 5.1 7.44
B-8 65.0 44.15 32.1 17.1 850 C 44.3 7.50 226 7.50 5.1 7.48
B-9 50.0 27.52 45.0 16.4 950 A 27.8 4.50 35 4.53 3.2 4.01
B-10 50.0 27.46 42.7 16.4 550 A 277.8 4.50 113 4.48 3.3 4.48
B-11 50.0 27.50 45.0 19.9 800 A 27.8 4.50 12 5.52 2.9 5.67
B-12 65.0 45.95 29.3 16.4 830 D 45.9 4.50 226 7.48 5.4 7.19
B-13 50.0 27.42 45.2 21.8 920 A 277.8 6.00 255 6.02 2.7 5.33
B-14 50.0 27.68 44.6 277.2 680 A 277.8 7.50 35 7.48 2.2 7.19
B-15 50.0 24.28 51.4 18.5 790 B 24.1 4.50 46 4.55 2.6 3.99
B-16 65.0 44.28 31.9 17.0 850 C 44.3 7.50 79 7.50 5.1 6.87
B-17 50.0 26.61 46.8 17.5 750 E 26.6 4.50 23 4.66 3.0 4.61
B-18 50.0 26.58 46.8 16.6 950 E 26.6 4.50 165 4.42 3.1 3.98
B-19 50.0 26.84 46.3 17.1 200 E 26.6 4.50 342 4.58 3.1 4.83
Torsional fatigue test
Tensile Torsional Comparative
Steel Seam region strength fatigue example of
Pipe Ts(MAX) H Ts(Max)/ TS cycles same Improvement Plug
No. (mm) (mm) H/W  Tb(Ave) (MPa) r-value (x10°6) dimensions ratio galling Notes
B-1 4.65 -0.07 -0.02 1.03 1601 1.4 1.4 B-9 2.2 No Example
B-2 4.53 0.11 0.03 1.01 1563 1.2 1.3 B-9 2.1 No Example
B-3 5.78 0.19 0.07 0.97 1582 1.8 1.3 B-13 2.5 No Example
B-4 6.22 -0.11 -0.04 1.03 1544 1.6 1.7 B-13 3.3 No Example
B-5 7.79 0.05 0.02 1.04 1585 1.4 1.5 B-14 2.3 No Example
B-6 4.47 0.07 0.03 0.99 1610 1.4 1.3 B-15 2.0 No Example
B-7 7.69 0.10 0.02 1.02 1621 1.2 1.6 B-16 2.0 No Example
B-8 7.50 0.02 0.00 1.00 1604 1.6 1.6 B-16 2.0 No Example
B-9 4.62 0.52 0.16 1.02 1588 1.4 0.6 — — No Comparative
Example
B-10 4.52 0.00 0.00 1.01 1593 0.9 1.2 — — No Comparative
Example
B-11 6.24 -0.15 -0.05 1.13 1611 1.6 1.7 — — Yes Comparative
Example
B-12 7.535 0.29 0.05 1.01 1595 0.9 1.3 — — No Comparative
Example
B-13 5.84 0.69 0.25 0.97 1574 1.5 0.5 — — No Comparative
Example
B-14 7.93 0.29 0.13 1.06 1608 1.3 0.6 — — Yes Comparative
Example
B-15 4.14 0.56 0.21 0.91 1616 1.4 0.6 — — No Comparative

Example
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TABLE 4-continued

B-16 7.35 0.63 0.12 0.98 1604 1.5 0.8 - - No Comparative
Example

B-17 4.85 0.05 0.02 1.04 1557 1.3 1.4 B-19 2.0 No Example

B-18 4.20 044 0.14 0.95 1524 1.7 0.7 - - No Comparative
Example

B-19 5.18 -0.25 -0.08 1.13 1523 1.6 1.5 - - Yes Comparative
Example
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The invention claimed 1s:

1. An electric resistance welded steel pipe comprising:

a seam region having a range of £10° 1n a pipe circum-
ferential direction with respect to an electric resistance
welded seam formed 1n a pipe longitudinal direction;
and

a base metal region being a region other than the seam
region,

wherein the electric resistance welded steel pipe has an
r-value in the pipe longitudinal direction of 1.0 or
greater,

H (mm) and W (mm) satisiy the following formula (1):

H/W=<0.10 (1)

where H (mm) 1s a difference between Ts,,;,, (mm) and
Ib ey (mm) (Tb =TSm0, 1Spamyy (mm) 1s a
minimum wall thickness value of the seam region,
I'b 4., (mm) 1s an average wall thickness value of the
base metal region, and W (mm) 1s an arc length of a
pipe inner surface of the seam region, and

IS04x (mm) and Tb,,,, (mm) satisty the following
formula (2):

TS ara30/ T aey<1.05 (2)

where Ts ., +, (mm) 1s a maximum wall thickness value
of the seam region.
2. The electric resistance welded steel pipe according to
claam 1, wherein 1b,,,, (mm) and Db, ., (mm) satisty
formula (3):

(T 4o/ Db 4yey)x100215% (3)

where Db, ., (mm) 1s an average pipe outside diameter

value of the base metal region.

3. The electric resistance welded steel pipe according to
claiam 1, wherein the r-value 1s an r-value in the pipe
longitudinal direction in the base metal region.

4. A method for manufacturing the electric resistance
welded steel pipe according to claim 1, the method com-
prising:

performing a forming operation on a steel strip to form an

open pipe;

performing electric resistance welding on the open pipe to

form a hollow pipe; and

heating the hollow pipe at a heating temperature of 650°

C. or greater and performing stretch reduction rolling
on the hollow pipe at an accumulated stretch reduction
ratio of 30% or greater,

wherein, 1n the stretch reduction rolling, 1n a rolling stand

with a stretch reduction ratio of 5.0% or greater, the
clectric resistance welded seam (1) does not travel
through a region of a roll, the region having a range of
+5.0° with respect to a caliber center of the roll, and (11)
does not travel through regions of the roll, the regions
having a range of +£5.0° with respect to respective
positions 360°/(nx2) left and right of the caliber center,
where n 1s the number of rolls per stand.
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5. An automotive structural member comprising the elec-
tric resistance welded steel pipe according to claim 1.

6. The electric resistance welded steel pipe according to
claim 2, wherein the r-value 1s an r-value in the pipe
longitudinal direction 1n the base metal region.

7. A method for manufacturing the electric resistance
welded steel pipe according to claim 2, the method com-
prising:

performing a forming operation on a steel strip to form an

open pIpe;

performing electric resistance welding on the open pipe to

form a hollow pipe; and

heating the hollow pipe at a heating temperature of 650°

C. or greater and performing stretch reduction rolling
on the hollow pipe at an accumulated stretch reduction
ratio of 30% or greater,

wherein, 1n the stretch reduction rolling, 1n a rolling stand

with a stretch reduction ratio of 5.0% or greater, the
clectric resistance welded seam (1) does not travel

through a region of a roll, the region having a range of
+5.0° with respect to a caliber center of the roll, and (11)

does not travel through regions of the roll, the regions

having a range of x5.0° with respect to respective
positions 360°/(nx2) left and right of the caliber center,

where n 1s the number of rolls per stand.

8. A method for manufacturing the electric resistance
welded steel pipe according to claim 3, the method com-
prising:

performing a forming operation on a steel strip to form an

open pipe;

performing electric resistance welding on the open pipe to

form a hollow pipe; and

heating the hollow pipe at a heating temperature of 650°

C. or greater and performing stretch reduction rolling
on the hollow pipe at an accumulated stretch reduction
ratio ol 30% or greater,

wherein, 1n the stretch reduction rolling, 1n a rolling stand

with a stretch reduction ratio of 5.0% or greater, the
clectric resistance welded seam (1) does not travel
through a region of a roll, the region having a range of
+5.0° with respect to a caliber center of the roll, and (11)
does not travel through regions of the roll, the regions
having a range of x5.0° with respect to respective
positions 360°/(nx2) left and right of the caliber center,
where n 1s the number of rolls per stand.

9. A method for manufacturing the electric resistance
welded steel pipe according to claim 6, the method com-
prising:

performing a forming operation on a steel strip to form an

open pIpe;

performing electric resistance welding on the open pipe to

form a hollow pipe; and

heating the hollow pipe at a heating temperature of 650°

C. or greater and performing stretch reduction rolling
on the hollow pipe at an accumulated stretch reduction
ratio of 30% or greater,
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wherein, 1n the stretch reduction rolling, 1n a rolling stand
with a stretch reduction ratio of 5.0% or greater, the
clectric resistance welded seam (1) does not travel
through a region of a roll, the region having a range of
+5.0° with respect to a caliber center of the roll, and (1) 5
does not travel through regions of the roll, the regions
having a range of +£5.0° with respect to respective
positions 360°/(nx2) left and right of the caliber center,
where n 1s the number of rolls per stand.
10. An automotive structural member comprising the 10
clectric resistance welded steel pipe according to claim 2.
11. An automotive structural member comprising the
clectric resistance welded steel pipe according to claim 3.
12. An automotive structural member comprising the
clectric resistance welded steel pipe according to claim 6. 15
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